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Abstract 
The paper deals with the linear stability loss of metal bearing structures which are thermally loaded. The source of the thermal 
load is burning and it acts on the metal construction. Analysis of combustion and spread of fire can be simulated using 
computational program Fire Dynamics Simulator (FDS). An elastic and elastic-plastic temperature-dependent material model is 
considered in the structure. FEM ADINA software is used for the stability loss analysis of the structure. Mapping algorithm of 
burning simulation is used for the results transfer from the FDS into the ADINA program. The linear and nonlinear loss of 
stability calculation of the steel bearing structure is subsequently realized in the ADINA. 
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1. Introduction 
Stability loss of the structure belongs to a group of major faults of structures. Loss of stability often leads to 
a sudden collapse of the whole structure. All slender construction elements loaded by pressure should be checked for 
loss of stability. The construction loss of stability often occurs at significantly lower loads as the limits of the stress 
state of structures. External factors have an influence on stability loss of structures too. These factors are related to 
manufacturing technologies and operation of the construction [1, 2]. The most common reasons of the stability loss 
of structures are: 
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x the uneven surface of the structure groundwork and insufficient bearing capacity of the groundwork, 
x an incorrect assembly (failure to comply with construction dimensions, geometric imperfections), 
x an unequal load of the structure, 
x shocks and vibrations transmitted through the groundwork of construction, 
x technological accidents (causes small changes in geometry of the structure), 
x heat load of the structure (in case of fire) and subsequent change the shape of construction. 
Stability loss of the bearing structure caused by thermal load (in case of the fire) belongs to the group of serious 
faults. Rescuers and firefighters work near these constructions in the case of fire. Increased risk of stability loss of 
the structure does not allow them to fulfil their tasks. 
2. Modelling of fire 
Modelling of fire is a specific task in the area of numerical simulation [3]. Computational programs focus mainly 
on modelling of combustion and the impact of fire on building structures is not modelled. The most commonly used 
software package for modelling of combustion is the Fire Dynamics Simulator (FDS). FDS is developed by National 
Institute of Standards and Technology (NIST) of the United States Department of Commerce, in cooperation with 
VTT Technical Research Centre of Finland. FDS belongs to the open-source software group [4, 5]. 
FDS enables detailed modelling the time course of fire. FDS simulates the effect of temperature distribution in 
the fire location on a non-flammable bearing building structure. FDS is not possible to model changes in the 
mechanical properties of load-bearing structures due to heat [6], i.e.: 
x deformation of the structure by changes in temperature, 
x changes in material properties due to temperature, 
x linear and nonlinear stability loss of the construction. 
The modelling of fire in FDS enables the calculation of temperature time course of bearing structure. Calculated 
temperatures are used as boundary conditions for the calculation of linear and nonlinear stability loss of load-bearing 
structures [7]. 
3. The linear stability loss of structure in the case of fire 
A standard computational model in ADINA program is used to solve the linear loss of stability [8]. The 
temperature dependent material models may be used in the calculation of the linear loss of stability. Stability loss of 
steel structures typically occurs at a load significantly below the plastic limit of the material [9]. A bilinear elastic-
plastic temperature dependent material model is used in the analysis. The following parameters are temperature 
dependent in this type of material model – Young’s modulus of elasticity E (T) and Poisson’s number ν (T). The 
yield strength and hardening of the material have no effect on value of the buckling safety coefficient [10]. The 
construction is loaded significantly below the yield strength. Coefficient of thermal expansion of the material must 
be zero because the geometric imperfections caused by temperature deformation are not permitted. Safety 
coefficient against the stability loss of bearing structure is the result of analysis. 
4. The nonlinear stability loss of structure in the case of fire 
The principle of non-linear analysis of stability loss is based on the calculation of the critical load. Stability loss 
of the structure occurs at this load. The following properties are considered in the calculation: 
x geometric nonlinearity (large displacements), 
x initial geometric imperfections (inaccuracy in the shape of structures), 
x geometric imperfections due to changes in temperature, 
x changes in material properties due to temperature (elastic-plastic thermal dependent material model). 
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The task is convergent and solution can be found in the program ADINA if the load of the structure is lower than 
the critical load (loss of stability of the construction occurs at critical load). The solution is not convergent if load 
of the structure is higher than the critical load. Solution cannot be found in this case and the structure loses 
shape stability. 
5. Modelling the stability loss of the structure due to fire 
The first step in the loss of stability solution due to fire is independent analysis of fire. Analysis of fire shall be 
made in the FDS program. The aim of analysis is to determine the temperature distribution at the place of the fire 
according to time. FDS program and the ADINA program use a different type of meshing. Conversion of the results 
from FDS to the ADINA is required. Characteristics of individual programs are as follows [11]: 
x FDS uses a mapping mesh with hexahedron elements for flammable materials and for the space in the fire 
location. Shell bearing structures can be modelled as an area with assigned thickness. Areas are part of the finite 
volume mesh and heat expands by the conduction, convection and the radiation. Bearing structures do not exist in 
the finite volume mesh and they have no elements. Points of interest are placed into the model (on the surfaces) 
for the identification of temperature of the bearing structure. FDS program calculates and saves temperature 
values for these points of interest to the result files. 
x ADINA uses shell elements well known from FEM. 
The following procedure is used for download the resulting temperature field from FDS to ADINA: 
1. Load the coordinates and the temperature process at the points of interest. 
2. Generating a model of the shell elements mesh in the program ADINA, saving the coordinates of nodal points 
to a file. 
3. Finding the nodes of the shell finite elements mesh (ADINA program) which are closest to points of interest 
(from the FDS program). 
4. Generating a model for thermal analysis in the program ADINA. Model properties are identical for both bearing 
structures (ADINA, FDS). Heat conduction is considered in the calculation only and in nodal points are 
prescribed temperatures determined by calculation from FDS. The calculation of the temperature fields 
distribution in the program ADINA approximates the solution of temperature distribution from the FDS. This 
approximation is sufficiently accurate when using an adequate number of points of interest. It allows the easy 
transfer of temperatures field in a relatively short time from FDS into ADINA. 
5. Linear or non-linear analysis of stability loss of the bearing structure in ADINA program and determination of 
the safety coefficient against stability loss of the construction will be made. 
6.  
7. Fig. 1. Room model with the bearing structure. 
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Created computational procedures and algorithms were verified on a model of the room with a window. The 
bearing structure and the heat source (gas burner on the area of 1 m2 with a thermal output of 750 kW) are modelled 
in the room (Fig. 1). The structure is loaded by distributed load on the upper transverse beam with a total force of 
250 kN [12–15]. Elastic-plastic temperature-dependent material model for the bearing structure (an aluminium 
alloy) is described in the Table 1. 
      Table 1. The temperature dependence of material properties (Al 6061-T6). 
Temperature 
(°C) 
Young’s modulus 
(·109 Pa) 
Poisson’s number 
(-) 
Yield stress 
(·106 Pa) 
Hardening coefficient 
(·109 Pa) 
Coefficient of thermal expansion 
(·10-6 m·°C-1) 
0 69 0.33 276 4.8 23.5 
200 49 0.35 262 3.38 23.5 
280 31 0.36 203 2.1 23.5 
400 23 0.37 89 1.6 23.5 
The temperature distribution in the time of t = 1320 s from the start of combustion is shown in Fig. 2. The shape 
of the stability loss for the linear model is shown in Fig. 3. The shape in the case of stability loss is identical 
throughout the whole simulation 0 < t < 3360 s. The deformed shape of the structure for a nonlinear model is shown 
in Fig. 4. The shape of the structure in the case of nonlinear analysis (at the time of 1380 s) is similar to the shape 
for the case of linear analysis. The calculation is perform with a time step of 60 s. Change in the structure shape 
occurs at the time of 1320 < t < 1380 s. This change occurs before the loss of stability. The stress field (calculated 
by non-linear analysis) is shown in Fig. 5 at the time of 1380 s. The change of the safety coefficient value against 
the stability loss for both methods of calculation is shown in Fig. 6. The process of temperature change according to 
time is shown in Fig. 7. 
   
 
 Fig. 2. The temperature distribution at the time of the 1320 s. 
Fig. 3. The deformed shape of the stability loss for 
the linear model. 
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Fig. 4. The deformed shape of the structure before the 
stability loss for a nonlinear model 
at the time of 1320 s. 
Fig. 5. The state of stress (von Mises stress) 
at the time of 1380 s. 
Fig. 6. The change of the safety coefficient 
for linear and nonlinear analysis. 
Fig. 7. The process of temperature change 
depending on time. 
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6. Conclusion 
Significant influence of local plasticization of material is demonstrated under the effect of elevated temperatures 
due to fire on the bearing structure strained for buckling. The analysis of the deformed shape shows that the 
deformation of the vertical beams (on the edge) in y axis causes increased resistance against the stability loss in axis 
direction y. The construction will therefore yaw in the direction of the x axis. 
The plastic hinge is formed at the junction of the beams at elevated temperature. The hinge decreases the 
toughness and it enables the stability loss of the structure in the y direction as in the linear model. The results of 
analyses proved that at low safety coefficient against the stability loss of the structure and at elevated temperatures 
the nonlinear behaviour of the material has significant influence. 
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